Patient Selection
Current Procedural Terminology (CPT) code 63030 for single-level lumbar discectomy was used to define the initial cohort, which was further refined by selecting individuals with a minimum of 1 year of continuous enrollment (Fig. 1) . These patients were then stratified into 2 groups: the microscopic discectomy group (CPT 63030 with 69990), and the macroscopic discectomy group (CPT 63030 without 69990). A total of 42,025 patients were identified for the macroscopic group, while 11,172 patients were identified for the microscopic group.
Covariates and Matching
To minimize baseline differences between treatment groups, propensity-score matching was employed, balancing the groups on baseline comorbidities and procedure characteristics. Specifically, a greedy matching algorithm (without replacements) was used, with the caliper set at 20% of the standard deviation of the logit of the propensity score. Matching covariates were chosen based on clinician judgment and are found in Tables 1 and 2 . Macroscopic/ microscopic matching (2:1) was performed, which resulted in all matched covariate standardized differences of less than 0.05. Surgeon identifier codes were used to determine the number of operations performed by neurosurgeons and orthopedic surgeons. Outcomes were compared between groups using bivariate analysis.
Outcomes Analyzed
Outcomes of interest included length of stay, postoperative complications within 30 days, readmissions for any cause within 30 days, reoperations until the end of available data, and discharge status. Length of stay is reported as number of nights in the MarketScan database and thus in this paper as well. Reoperation procedures were defined by CPT codes 63042, 63044, 63047, 22633, and 22612. Complications were defined as any complication listed in Table 3 without the same ICD-9 diagnosis within 180 days from the initial index procedure (lumbar discectomy). Discharge statuses were reclassified as either "sent home" or "other," the latter primarily consisting of "transferred" statuses.
Data Analysis
Statistical analyses were conducted on all outcomes using 2-tailed tests with a significance level of 0.05. Fisher exact tests were used for categorical variables, while Student t-tests (Satterthwaite test for statistical significance) were used for continuous variables. The Holm-Bonferroni correction method for multiple comparisons was used to properly assess postoperative complications. Statistical analysis and propensity matching were performed in R Studio version 1.0.153.
Results

Patient Populations
A total of 53,217 patients were identified as having undergone a lumbar discectomy with continuous enrollment in the longitudinal database for at least 1 year (Fig. 1) . Of these patients, 11,172 were included in the "microscopic" discectomy cohort based on co-occurrence of CPT code 69990, while the remaining 42,045 patients were included in the "macroscopic" group (without CPT 69990). Importantly, all patients with codes for lumbar instrumented fusion were excluded from this study. Using surgeon identifier codes, we found no significant difference in rates of microscope use between neurosurgeons and orthopedists (37% vs 39.5%).
Propensity Matching
The demographics and comorbidities of the 2 populations are outlined in Table 1 . There were significant differences in patient sex, tobacco usage, obesity, diabetes, chronic obstructive pulmonary disease, hypertension, history of myocardial infarction, and presence of spinal stenosis or spondylosis. There were also a significantly lower proportion of Medicare beneficiaries in the microscopic cohort and a regional predominance for more microscopic discectomy in the West. To more accurately study the use of a microscope during discectomy and its effect on outcome, we applied a propensity-matching algorithm, which produced the 2 groups outlined in Table 2 (22,340 patients in the macroscopic group and 11,172 in the microscopic group). After propensity matching, the 2 groups were not found to be statistically different in any of the demographics or comorbidities except for sex, with the microscopic discectomy group having a slightly smaller proportion of male patients (OR 0.94 [95% CI 0.90-0.99], p = 0.0143).
Thirty-Day Perioperative Complications
We first evaluated whether the use of a microscope during discectomy resulted in any change in postoperative outcome within 30 days of the index procedure (Table  3 ). There was no significant difference in the propensitymatched cohorts' rates of wound infection, dehiscence, hematoma, or dural tear. Similarly, there were no significant differences in rates of pulmonary or neurological complications. There was a significantly higher proportion 
Postoperative Outcomes
Several postoperative outcomes differed between the macroscopic and microscopic discectomy groups ( Table  4 ). The mean length of stay was significantly longer in the macroscopic discectomy group than in the microscopic discectomy group (2.13 days vs 1.83 days, p < 0.0001). There was no significant difference in readmission rates, but the rate of revision surgery was significantly higher in the macroscopic discectomy group than in the microscopic discectomy group (OR 0.92 [95% CI 0.84-1.00], p = 0.0366). Microscopic discectomy patients were also more likely to be discharged home (OR 1.50 [95% CI 1.39-1.61], p < 0.0001). Payments also differed significantly. Hospital charges were significantly higher in the macroscopic group (median $19,490 vs $14,921, p < 0.0001), but there was no statistically significant difference in physician payments.
Discussion
The literature regarding utility of the operating microscope in lumbar discectomy has been controversial. In a prospective single-surgeon series of 114 consecutive patients treated with or without microscope assistance, Türeyen found no difference in hospital stay or overall outcome with 1 year follow-up.
14 He did, however, report a difference in incision length and operative time as well as earlier return to work/normal life and less dependence on narcotic analgesia in the microdiscectomy group. In contrast, Katayama et al. reported no differences in analgesic use but did find a shorter hospital stay for patients undergoing microscopic discectomy. 7 Schmid et al. retrospectively analyzed 500 consecutive cases and reported no difference in clinical outcome or complications but found a shorter length of stay in the microscopic discectomy cohort. 12 One concern with small clinical series is that they may lack the statistical power to reveal significant differences and so Murphy et al. queried the ACS-NSQIP (American College of Surgeons National Surgical Quality Improvement Program) to review 23,583 patients. 10 In their multivariate analysis, microscopic discectomy did not differ significantly in complication rate, dural tear, return to the operating room, or readmission. There was a significantly longer operative time associated with microscope usage.
Our findings with the MarketScan database in a cohort of propensity-matched patients confirm previous reports that the use of an operating microscope in discectomy did not produce any difference in rate of wound infection, dehiscence, or hematoma. Notably, the difference in dural tear rate between macroscopic and microscopic discectomies in our study was statistically insignificant, although this intraoperative complication may be significantly undercoded by providers. Furthermore, as previously described in smaller clinical series, the length of stay was significantly shorter in our microscopic discectomy cohort than in the macroscopic discectomy cohort. Interestingly, a higher proportion of patients suffered a DVT in the macroscopic group, which may be an indirect phenomenon related to longer incisions, with more muscular, bony, and ligamentous disruption, and decreased postoperative mobilization. The rate of revision was also significantly lower in favor of microscopic discectomy.
The question remains whether use of the microscope is cost-effective. In our study, hospital payments were significantly higher in the macroscopic discectomy groupby an average of $4569 per index procedure. Despite its equipment and facility cost, utilization of the microscope saves money, decreases hospital stay by 20%, and possibly reduces reoperation rates. It is important to note that multiple payers including Medicare currently do not allow use of the operating microscope to be billed with codes for lumbar decompression or discectomy. The results from this study, however, suggest that the use of the operating microscope during lumbar discectomy may improve outcomes, reduce costs, and thus substantially improve the value provided by the procedure.
Several limitations to our study should be considered to help place these results in appropriate context. First is the question of whether the use of minimally invasive technologies (e.g., the use of a tubular retractor) may be a confounding factor. It is possible that the microscope group contains a significantly higher proportion of patients who underwent minimally invasive discectomies and that the apparent advantages of microscope use are in fact a reflection of minimally invasive surgery. This possibility should be considered, but there now exists a significant body of literature demonstrating broadly similar outcomes for minimally invasive discectomy and open discectomy. 13 Second, since the data are derived from a payer database there may be errors in the data set from miscoding of diagnoses and procedures. The relatively low rate of dural tears in this study (0.1%-0.2%, significantly lower than published clinical series) suggests that such undercoding be the case in this instance. Moreover, it is possible that providers do not code for microscope use, knowing that it is not a reimbursable entity. Our analysis was restricted to those patients with continuous enrollment in the insurance system, and thus any reoperations would be robustly captured. In general, by comparing outcomes between groups, the potential for "noise" from such errors is likely to be offset by the large cohort size. In addition, we have utilized propensity matching to normalize differences in demographics and comorbidities between cohorts. Finally, this study is limited to outcomes recorded in the original data set and as such does not include other potential confounding factors such as radiographic and physical examination findings and more detailed long-term follow-up.
Conclusions
The present study suggests that the use of the operating microscope during lumbar discectomy is associated with a reduced length of stay, a lower DVT rate, a reduced reoperation rate, and decreased overall hospital costs. Use of the operating microscope may therefore lead to improved outcomes, reduced costs, and better value for patients undergoing lumbar discectomy.
